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用该数据库，设计与制备了 Bi-Ag 系及 Sn-Au 系高温无铅焊料，并通过实验测
定其钎焊性能，所取得的主要研究成果如下：
(1) 采用合金法实验测定了 Cu-Ni-Sb 三元系在 800 ℃、900 ℃、1000 ℃和
1100 ℃时的等温截面相图。基于本研究的实验结果，并结合已报道的 Cu-Ni-Sb
三元系热力学性质及相图的的实验数据，采用合理的热力学模型，利用
CALPHAD 方法，对 Cu-Ni-Sb 三元系的相平衡进行了热力学优化与计算，计算
结果与本研究以及文献报道的实验数据取得了良好的一致性。
(2) 利用 CALPHAD 技术，对 Bi-Ag 系高温无铅焊料合金进行了有针对性的
成分设计。对 Bi-Ag 系焊料合金的导电性、显微硬度、抗氧化性等进行了表征，
并对其与 Cu 基板的焊接性能进行了研究。研究结果表明 Bi-Ag 系焊料的润湿性
能及抗氧化性能优异，具有进一步深入研究的价值。




















High temperature lead-free solders play an important role in the connection,
electricity and heat conduction in the electronic packaging. However, lead (Pb) in the
traditional high-Pb based solders is harmful to human health and the environment.
Thus, many investigations have focused on the development of high temperature
lead-free solders. At present, the method of “try and error” is always used to search
for the best alloying composition of soldering alloys, which squanders manpower and
material resources. And this method needs long research cycle. Phase diagram which
is time and labor saving, has been recognized as an important tool in the design of
new materials. In the present work, the experimental determination and
thermodynamic assessment of phase equilibria in the Cu-Ni-Sb system were carried
out. In the meantime, we have perfected the alloy database for micro-solders
(ADAMIS) developed by our group. Taking advantage of the database, we have
designed and prepared high temperature lead-free solders namely Bi-Ag and Sn-Au
system, and their welding properties were investigated. Major research contents are
listed as follows:
(1) This work is experimentally determine four isothermal sections at 800 ℃,
900 ℃, 1000 ℃, and 1100 ℃ in the Cu-Ni-Sb ternary system. On the basis of
experimental data obtained by this work and previous reports, the phase equilibria of
the Cu-Ni-Sb ternary system has been calculated and optimized. The calculated
results are in good agreements with the experimental data.
(2) By the CALPHAD method, we have made targeted composition design for
the Bi-Ag system of high temperature lead-free solders. Characterizing the
conductivity, micro-hardness, oxidation resistance and so on, we have also studied the
welding properties between the solders and the copper plate. It is shown the excellent















(3) By the CALPHAD method, we have made targeted composition design for
the Sn-Au system of high temperature lead-free solders. Characterizing the properties
as conductivity, micro-hardness, and oxidation resistance of the Sn40(Ag,Au)14Sb
(wt.%) alloy, we have also studied the welding properties between the solders and the
copper plate. Research results have indicated that the Sn40(Ag,Au)14Sb (wt.%) alloy
solders possess good wettability, high shear strength with wide application prospect.
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